INTRODUCTION
The amide bond represents one of the most abundant linkages found in nature, as exemplified by the peptide and protein. A number of historic methods are commonly employed for the formation of this critical bond, including the Staudinger reaction 1,2 , Ritter reaction 3 , Schotten-Baumann reaction 4 , Ugi reaction 5, 6 and the Passerini reaction 7, 8 . More recently, a multitude of advanced techniques have been developed, which seek to address the demands for improved efficiency and preservation of stereochemical integrity, as well as the desire to minimize economic cost and utilize more practical solvent systems. The majority of efforts have focused on the development of efficient strategies for the activation of the carboxylic acid moiety, either through the introduction of external coupling reagents 9 or through the derivatization of the carboxylic acid component as an acyl chloride 10 , acyl fluoride 11 or mixed anhydride 12 . Although these methods have been extensively used to construct amidic bonds, acylating hindered or secondary amines can still pose a significant challenge. In addition, each of these protocols depends on the addition of external reagents, which may cause troublesome purification and racemization problems [9] [10] [11] [12] .
In contrast, we recently disclosed a highly efficient coupling protocol of a very different genre, in that it combines two functional groups that have been known from virtually the dawn of organic chemistry-carboxylic acids and isonitriles 13 -without the requirement of an external catalyst. Thus, as outlined in Figure 1 , under this novel protocol, carboxylic acid (1) and isonitrile (2) substrates are heated in a microwave oven to provide adducts of the type 4. The reaction sequence is presumed to commence with protonation of the isonitrile component (2) . Subsequent carboxylate-nitrilium neutralization affords an intermediate 3, which is formally an O-acylated imidic acid. Finally 1,3 O-N acyl transfer provides the target N-formyl amide adducts of the type 4. This general reaction sequence has been extended to a number of complex substrates, providing adducts in high yields-generally above 80% (entries 1, 3, 4 and 5, Fig. 2 ). To our surprise, when a GlcNAc isonitrile is used, instead of producing N-formyl amide, an ester was obtained in a stereospecific fashion (entry 6, Fig. 2 ). To solve this problem, the C 2 amine needs to be masked as an azido group (entry 5, Fig. 2 ). The azide group can be readily advanced to an N-acetyl group, by reduction and acetylation.
As outlined in Figure 3 , these N-formyl amide adducts (cf. 4) may be further derivatized to provide a number of valuable product types. Thus, the N-formyl amide moiety has been shown to be readily converted to various useful functionalities, such as the amides N-methyl amide and N-methyloyl amide. 13 This approach importantly provides access to tertiary amides, which are difficult to access through the conventional route of acylating a secondary amine.
Experimental design
The sequence of preparation of glycosylamino acid 11 is described in this protocol as an example (Fig. 4) . The isonitrile 7 is prepared from the previously known glycosyl azide 5 (ref. 14) , through in situ formylation of glycosylamine by hydrogenation and dehydration by triphosgene. In the event, the anomeric isonitrile 7 reacts with 8 under microwave reactor (158 1C, 30 min) to produce 9. These reactions appear to be anomerically specific, i.e., the b-isonitrile produces, correspondingly, the b-N-linked glycosyl amino acid. We next describe the sequence for the conversion of 9 to the N-methyl amide, 11. The route commences with chemospecific reduction of the N-formyl function of the mixed imide, to provide the 'methylol' derivative, 10. Thus, further reduction of the 'methylol' intermediates with triethylsilane in the presence of trifluoroacetic acid leads to the formation of the corresponding N-methyl compound 11. The hydroxymethyl derivatives of 10 might not be stable enough to purify, thus it is advisable to proceed to the next step in crude form for reaching other amide-modifying structures. 14, into a 10-ml round-bottomed flask.
2| Dissolve in ethyl acetate (3 ml). Add a Teflon-coated magnetic stir bar.
3| Add 88 ml (0.632 mmol) of triethylamine using a syringe.
4| Add 10 mg of palladium on carbon (10% wt/wt) and turn on the magnetic stirrer.
5| Cap the flask and insert a balloon of H 2 . Stir vigorously for 30 min.
6|
Remove the balloon and add formic acetic anhydride (1 ml, premade by heating 3 ml of formic acid and 5 ml of acetic anhydride at 60 1C for 3 h). 10| Evaporate solvent from the eluent using a rotary evaporator at B40 1C. It takes B1 h. Dry under vacuum (-6, 85-90%). ' PAUSE POINT Product 6 can be dried overnight under vacuum.
11| Dissolve 20 mg (0.035 mmol) of 6 in dry dichloromethane (2 ml) in a 10-ml round-bottomed flask and add a Teflon-coated magnetic stir bar. Cool the flask to 0 1C.
12| Add 39 ml (0.28 mmol) of triethylamine using a syringe. 14| Pour the reaction mixture into a separatory funnel filled with 10 ml of saturated NaHCO 3 . Extract the organic material with dichloromethane (20 ml Â2) and combine the organic phases.
15| Wash the organic phase with brine (20 ml).
16| Dry the organic phase over anhydrous sodium sulfate (add B1 g and stir the mixture for 5 min).
17| Decant the solvent carefully into a 100-ml round-bottomed flask, and remove volatiles by rotary evaporation at B40 1C. It takes B30 min. 
BOX 1 | PREPARATION OF COMPOUND 5
19| Evaporate solvents from the eluate using a rotary evaporator at B40 1C. It takes B1 h. Dry under vacuum (-7, 80-85%). ' PAUSE POINT Product 7 can be dried overnight under vacuum.
Synthesis of glycosyl N-formyl-L-asparagine derivative (9) TIMING 4 h 20| Weigh 10 mg (0.018 mmol) of glycosyl isonitrile 7 and 11 mg (0.026 mmol) of aspartic acid 8 into a 0.5-to 2.0-ml microwave tube.
21| Add dry chloroform (0.5 ml) under argon using a syringe.
22| Cap the tube and place it into the microwave reactor. Set it to 158 1C and 30 min. m CRITICAL STEP The faster the microwave reactor reaches the set temperature, the better the reaction; chloroform can be replaced with 1,2-dichloroethane (anhydrous).
23| Load the reaction mixture directly onto a flash chromatography column packed with silica gel (1.5 cm i.d. Â 20 cm length). Purify the desired imide 9 using 1:3 ethyl acetate:hexanes as eluent (TLC R f ¼ 0.45 EtOAc/hexanes, 1/3, UV lamp).
24| Evaporate the solvents from the eluate using a rotary evaporator at B40 1C. It takes B1 h. Dry under vacuum (-9, 82-90%).
' PAUSE POINT Product 9 can be dried overnight under vacuum. 28| Dilute the reaction mixture with dichloromethane (20 ml). Transfer the resulting solution to a separatory funnel. Wash with aqueous 10% NaHSO 4 (10 ml), H 2 O (10 ml) and brine (10 ml).
29| Dry the organic phase over anhydrous sodium sulfate (add B1 g and stir the mixture for 5 min). ? TROUBLESHOOTING Low yield Repeat reaction with fresh reagents and dry glassware, ensuring that all are anhydrous and that the reaction is maintained under an inert atmosphere. For
Step 22, the faster the microwave reactor reaches the set temperature, the better the reaction; chloroform can be replaced with 1,2-dichloroethane (anhydrous). If it takes a very long time for the microwave reactor to reach the set temperature (less than 1 min is the best), preheating the microwave might be helpful. 
ANTICIPATED RESULTS
N a -(fluoren-9-ylmethyloxycarbonyl)-N c -(2,3,4,6-tetra-O-benzyl-b-D-galactopyranosyl)-N c -formyl-L-asparagine-t-
